Background. Nephrotic syndrome in children is commonly associated with dyslipidemia, which is considered a risk factor for endothelial dysfunction and atherosclerosis. Recently new markers of endothelial dysfunction, such as asymmetric dimethylarginine (ADMA), have gained importance. Another L-arginine derivative -symmetric dimethylarginine (SDMA) -may reflect the glomerular filtration rate (GFR). Objectives. The main aim of this study was to assess ADMA as a marker of atherosclerosis. Secondly, SDMA was examined for GFR assessment. Material and Methods. The study involved 32 children with nephrotic syndrome. Several parameters were examined in the remission and relapse phases of nephrotic syndrome, including ADMA, SDMA, cholesterol, triglycerides and GFR. Results. In the relapse phase there was a negative correlation between ADMA and lipids (cholesterol and triglycerides). In both phases SDMA was negatively correlated with GFR. Conclusions. The role of ADMA as a marker for endothelial dysfunction is not significant. SDMA may be utilized to monitor GFR in children with nephrotic syndrome (Adv Clin Exp Med 2015, 24, 2, 307-313).
ORIGINAL PAPERS
Dimethylarginines (asymmetric dimethylarginine -ADMA -and symmetric dimethylarginine -SDMA) are methylated L-arginine derivatives. Among the known methyloarginines only ADMA, since its discovery by Patrick Vallance in 1992, has gained importance as a marker of endothelial dysfunction and atherosclerosis in cardiovascular diseases. Its positive correlation with hypercholesterolemia is especially interesting, although increases in ADMA concentration are also seen in liver and kidney failure, hyperglycemia, hyperhomocysteinemia and oxidative stress [1] [2] [3] [4] [5] [6] .
ADMA, SDMA and L-arginine compete for access to cells through cation channels. ADMA blocks the entrance of L-arginine, which results in a decrease of nitric oxide (NO) in the endothelium.
That is why ADMA is an endogenous inhibitor of nitric oxide synthase. Increases in ADMA concentration are common in endothelial dysfunction and atherosclerosis [7] [8] [9] [10] .
It has been shown that SDMA concentration reflects the glomerular filtration rate (GFR) [1, [11] [12] [13] [14] .
Nephrotic syndrome (NS) results in homeostatic failure, caused mainly by a loss of protein through damaged filtration membranes in the renal glomeruli. This biochemical disorder is often accompanied by dyslipidemia [15, 16] . The exact mechanisms of this correlation are unknown, although it is surely a result of common metabolism. Dyslipidemia causes a malfunction of all glomerular structures, including the endothelium, mesangium and podocytes. Receptors for lipoproteins are also located in the mesangium and podocytes [17] . In NS there is an uncontrolled increase in the concentration of lipoproteins in these cells, which results in their proliferation [15, 17] . In addition, lipoprotein complexes remain in glomerular capillaries [18] . In the mesangium, lipoproteins are oxidized (oxLDL) and in this form they stimulate the production of antibodies against themselves. The oxLDL antibodies are scavenged by macrophages, causing their transformation into foam cells. Subsequently, the foam cells produce mediators of the inflammation process, which causes collagen synthesis in the glomeruli. Eventually podocyte apoptosis, loss of glomeruli function and chronic kidney disease can be observed [19, 20] .
Dyslipidemia is one of the main causes of atherosclerosis [21] . There are several markers of endothelial dysfunction that help in risk assessment for cardiovascular diseases. However, none of them has an established position in clinical practice.
The aim of the current study was to assess ADMA and SDMA as markers of atherosclerosis and kidney function in children with NS.
Material and Methods

Inclusion and Exclusion Criteria
The study was conducted prospectively from 2009 to 2011. The inclusion criteria were age 1-18 years old, NS based on primary glomerulonephritis, normal GFR, and an absence of clinical and biochemical infections. The exclusion criteria were secondary NS, chronic kidney disease I-V, hypertension, diabetes, myocardial and liver diseases and C-reactive protein (CRP) > 3 mg/L.
Ethics
The Medical University of Silesia Ethics Committee approved the study protocol (decision no. 9/2008). Informed consent to participate in the study was received from each patient's guardian or next of kin.
Patients
A total of 36 children between 2 and 17 years of age were enrolled in the study (mean age: 8.3 years); 4 of them were excluded due to a lack of remission of the disease. The study lasted 17 months. Among the 32 children who completed study protocol, 26 had one relapse of the disease, while 6 suffered two recurrences. The total number of relapses taken into account in the statistical analysis was 38.
Methods
The biochemical analysis conducted included ammonium, creatinine, uric acid, protein and CRP concentrations. Additional measurements included the blood cell count, lipid profile, erythrocyte sedimentation rate, concentration of sodium, potassium, calcium, magnesium and phosphorus as well as alanine and asparagine aminotransferase activity (ALT and AST). Finally, ADMA, SDMA and L-arginine concentrations were measured. On the first day of hospitalization, the daily urine protein concentration was analyzed. The blood analysis was conducted twice: before treatment and after clinical and biochemical remission was achieved. ADMA, SDMA and L-arginine serum concentrations were analyzed using high-performance liquid chromatography (HPLC).
Statistical Analysis
All the variables were checked for normality with the Kolmogorov-Smirnov test. For dependant variables without normal distribution, the Wilcoxon test was used for data assessment. All correlations were analyzed using Spearman's R correlation coefficient. P values of less than 5% were considered significant. STATISTICA StatSoft ® was used for the statistical analysis.
Results
All the children in the study met the criteria of NS. Mean urine protein concentration was 5.1 g/day; mean total protein concentration was 49 g/L; mean albumin concentration was 22.6 g/L; mean cholesterolemia was 328 mg/dL; mean triglyceridemia was 209 mg/mL; mean CRP concentration was 2.4 g/L.
The characteristics of the study group in the remission and relapse phases are presented in Table 1 . As shown, remission was associated with fluctuations in the concentration of lipids, proteins, proteinuria, CRP and AST. There were no significant changes in the concentration of ADMA, SDMA or L-arginine in the two phases.
In the relapse phase ( Table 2 ) the following negative correlations were statistically significant: ADMA with cholesterolemia, triglyceridemia and CRP; urine protein concentration with L-arginine; SDMA with HDL-cholesterol and ALT; and SDMA with GFR. Positive correlations were found between ADMA and L-arginine; and between follow-up time and L-arginine.
In the remission phase (Table 3 ) the following positive correlations were statistically significant: total protein concentration with ADMA and SDMA; SDMA with albumin concentration; ADMA with L-arginine (similarly to the relapse phase). Negative correlations were found between SDMA and GFR (similarly to the relapse phase); and between L-arginine and CRP.
Discussion
Many negative effects of NO synthase inhibition by ADMA commonly present with hypercholesterolemia and hypertriglyceridemia, which are "traditional" atherosclerosis risk factors. It has been shown that ADMA concentration is positively correlated with other "traditional" risk factors, such as hyperhomocysteinemia [22] [23] [24] [25] , intima media thickness [26] and flow mediated vasodilatation [27, 28] . Attempts to explain the correlation between ADMA and hypercholesterolemia led to the following hypothesis: a high concentration of low-density lipoproteins (LDL), especially oxLDL, causes an increase in the expression of the protein methylotranferase (PRMT) gene (which has a crucial effect in methyloarginine synthesis) and suppression of dimethylarginine-dimethyloaminohydrolase (DDAH) activity -the enzyme that utilizes ADMA [25, 29, 30] .
In light of these facts, in children with NS and hypercholesterolemia, a high concentration of ADMA should be expected. Another significant cause of presumed high ADMA concentrations in these children is endothelial dysfunction due to biochemical disturbances and hypertension, which is commonly found. In children with NS, cardiovascular events, including myocardial infarction, may result from early atherosclerosis due to endothelial dysfunction [31, 32] . The aim of this study was to ascertain whether ADMA may play a role as an early marker for atherosclerosis in children with NS.
In contrast to many studies [1, 11, [32] [33] [34] [35] , the outcomes of the current study show that in the relapse phase, ADMA was negatively correlated with cholesterolemia and triglyceridemia. There are several explanations for these controversial results. Firstly, the present study involved only children with normal GFR, unlike other studies [36, 37] . Secondly, ADMA is a small molecule compound (202Da), easily filtrated through the glomerular membrane [38] . In physiological conditions AD-MA is bound to albumin [2, 11, 39] . The albuminuria that is prevalent in NS causes high concentrations of free ADMA, which is easily excreted with urine; at the same time, complex ADMA (bound to albumin) is also freely eliminated. Thirdly, normal ADMA values in children with NS may result from DDAH activation due to high liver cell activity in this disease. Fourthly, the significant negative correlation between ADMA and lipids may indicate other disturbances (i.e., a loss of ADMA due to high proteinuria or high L-arginine metabolism, which override ADMA synthesis). There are also a few studies that deny any positive correlation between ADMA and cholesterolemia [40, 41] . In summary, it should be emphasized that ADMA is not a good marker for atherosclerosis in children with NS. On the other hand, the negative correlation between SDMA and GFR in both the remission and relapse phases supports the outcomes of other authors regarding the utilization of SDMA in quantifying the filtration rate [1, 11, 12, 42] .
The results of the present study in the relapse phase of NS showed a negative correlation between urine protein concentration and ADMA, as well as a significant negative correlation between urine protein concentration and L-arginine.
In the remission phase a significant positive correlation was found between total protein concentration and ADMA and SDMA, as well as between SDMA and albumin concentration. Correlations between L-arginine, ADMA and SDMA, in both the remission and relapse phases, are significantly positive. Such outcomes indicate the direct dependence of the product (ADMA, SDMA) and substratum (L-arginine) and therefore confirm the dominating role of protein loss in children with NS.
The correlations outlined above may be explained based on the basis of the relationship between ADMA and protein concentration. Ninety percent of ADMA is bound to albumin. A loss of albumin is the main mechanism in NS [2] . This dependence was confirmed in studies by Silva et al. and Zoccali et al. [30, 42] .
The analysis of the results of the current study revealed a significant negative correlation between CRP and ADMA in the relapse phase. This is probably due to the high molecular weight of CRP (25106 Da). In NS the loss of albumin is greater than the loss of high molecular weight proteins. The high degree of L-arginine loss (the substratum for ADMA) with high CRP concentrations in NS may explain this correlation. It cannot be excluded that the correlation may also be the result of an endothelial inflammation process. Similar results were obtained by Zoccali et al., who showed a negative correlation between CRP and ADMA during acute infection [42] .
In conclusion, it should be stated that ADMA concentration in children with NS is associated with basic metabolic disturbances, such as negative correlations with hypercholesterolemia and hypertriglyceridemia; it is not significantly correlated with urine protein concentration. The role of ADMA as a marker for endothelial dysfunction is not significant. SDMA may be utilized to monitor GFR in children with NS.
